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ABSTRACT
Objectives: To determine the impact of sitting and
television viewing on life expectancy in the USA.
Design: Prevalence-based cause-deleted life table
analysis.
Setting: Summary RRs of all-cause mortality
associated with sitting and television viewing were
obtained from a meta-analysis of available prospective
cohort studies. Prevalences of sitting and television
viewing were obtained from the US National Health and
Nutrition Examination Survey.
Primary outcome measure: Life expectancy at birth.
Results: The estimated gains in life expectancy in the
US population were 2.00 years for reducing excessive
sitting to <3 h/day and a gain of 1.38 years from
reducing excessive television viewing to <2 h/day. The
lower and upper limits from a sensitivity analysis that
involved simultaneously varying the estimates of RR
(using the upper and lower bounds of the 95% CI) and
the prevalence of television viewing (620%) were 1.39
and 2.69 years for sitting and 0.48 and 2.51 years for
television viewing, respectively.
Conclusion: Reducing sedentary behaviours such as
sitting and television viewing may have the potential to
increase life expectancy in the USA.
Over 60 years of research on physical activity
and health culminated in the release of the
2008 Physical Activity Guidelines for Americans,
which recommend that adults should accu-
mulate at least 150 min of moderate-to-
vigorous physical activity per week to attain
the health beneﬁts associated with physical
activity.
1 Recently, there has been consider-
able interest in understanding the role of
sedentary behaviours on health, independent
of overall physical activity levels,
2e4 since one
can be both sedentary and physically active
(eg, an ofﬁce worker who sits most of his
work hours, but who also jogs regularly).
Sedentary behaviours that involve sitting
for extended periods are ubiquitous in
modern society. Based on self-reports,
a recent survey of 20 countries documented
a median of 300 min/day spent sitting,
ranging from #180 min/day in Portugal,
Brazil and Colombia to $360 min/day in
Taiwan, Norway, Hong Kong, Saudi Arabia
and Japan.
5 Several studies have demon-
strated positive associations between seden-
tary behaviours including sitting and
television viewing and health outcomes such
as type 2 diabetes, cardiovascular disease
mortality and all-cause mortality.
6 Thus,
excessive time spent in sedentary behaviour is
undoubtedly having an impact on public
health. A recent study from Australia esti-
mated that television viewing reduced life
expectancy at birth by 1.8 years in men and
1.5 years in women.
7 The purpose of this
study was to determine the impact of seden-
tary behaviours on life expectancy in the
USA.
METHODS
A prevalence-based approach was used to
estimate the impact of sedentary behaviour
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ARTICLE SUMMARY
Article focus
- This paper presents the results of an analysis
aimed at determining the effects of sedentary
behaviour on life expectancy in the USA.
Key messages
- The analyses indicate that population life expec-
tancy in the USA would be 2.00 years higher if
adults reduced their time spent sitting to <3h /
day and 1.38 years higher if they reduced
television viewing to <2 h/day.
Strengths and limitations of this study
- The use of the well-accepted prevalence-based
methodology to estimate the public health
burden of sedentary behaviour is a marked
strength, which allows for comparability with
the effects of other established risk factors.
- This study relied on self-reported engagement in
sedentary behaviours rather than an objective
measurement, which is a limitation.
- An important limitation of this study is the lack of
adjustment for confounding beyond age and sex
in the main analysis.
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Open Access Researchon life expectancy. The population-attributable fraction
(PAF) was computed from the prevalences of sedentary
behaviours (deﬁned here as sitting and television
viewing) and the RR of all-cause mortality associated with
these behaviours. The PAF equation used was
+PiðRRi   1=RRiÞ, where P is the prevalence of the risk
factor among cases in stratum i (i¼1e2 in this study;
details are provided below). This equation produces
internally valid estimates when confounding exists and
adjusted RRs must be used.
8
RRs associated with sedentary behaviours
Sedentary behaviour can be captured globally using
questionnaires that address total daily sitting time or
time spent in speciﬁc sedentary behaviours like televi-
sion viewing, reading or computer use. Published studies
on the associations between sitting or television viewing
and all-cause mortality were identiﬁed through a system-
atic literature search of MEDLINE (up to end of 2011)
using the following search terms: (physical inactivity OR
sedentary OR television OR sitting) AND (cohort study)
AND (mortality OR death). Studies that reported on
the relationship between sedentary behaviours and
outcomes other than all-cause mortality, or those that
did not use a prospective observational cohort design,
were excluded from consideration. Abstracts and
papers were reviewed by both authors and any discrep-
ancies were resolved by consensus. Studies were included
if they provided RR estimates along with 95% CIs. We
pooled RR estimates from each study separately for
sitting or television viewing and all-cause mortality using
a random-effects meta-analysis. Pooled RR estimates
were obtained for two levels of sitting and two levels of
television viewing relative to a referent group in each
case. In order to maintain consistency across studies, the
age- and sex-adjusted RR estimates were used from each
study. In cases where the authors presented only multi-
variable-adjusted RR estimates or used different expo-
sure categories, we contacted them and asked them to
provide this information. MIX V.2.0 software was used to
conduct the meta-analysis.
9
Prevalence of sedentary behaviour
The prevalences of time spent sitting and television
viewing were obtained from the National Health and
Nutrition Examination Survey (NHANES). The
NHANES uses a complex, multistage, probability
sampling design to select participants who are repre-
sentative of the civilian non-institutionalised US popu-
lation.
10 The prevalences were obtained from the most
recent NHANES data available for adults (2009e2010
for sitting; 2005e2006 for television viewing). The
prevalence of sitting (<3h , 3 e5.9 h and $6 h/day)
among non-pregnant adults aged 18 years and older was
determined from responses to the following question in
the 2009e2010 NHANES: ‘How much time do you
usually spend sitting on a typical day?’ The prevalence of
television viewing (<2h ,2 e3.9 h and $4 h/day) among
non-pregnant adults aged 18 years and older was
determined from responses to the following question in
the 2005e2006 NHANES: ‘Over the past 30 days, on
average how many hours per day did you sit and watch
TV or videos?’ Data analysis followed the guidelines of
the National Center for Health Statistics for analysis of
NHANES data due to the complex sampling design and
methods.
11
The PAF equation used in this study requires the
prevalence of sedentary behaviour among cases (ie,
decedents) rather than from the source population (ie,
NHANES prevalence). Therefore, each population
prevalence obtained from the NHANES was adjusted by
using the weighted average case:source prevalence ratio
(ie, the prevalences among cases divided by the preva-
lences among the baseline source population from the
prospective cohort studies).
Gains in life expectancy
The PAFs for all-cause mortality associated with sitting
and television viewing were computed using the
summary RR estimates obtained from the meta-analyses
and the adjusted prevalences from the NHANES, as
described above. Potential gains in life expectancy
attributable to reducing sedentary behaviours were esti-
mated using a cause-deleted life table analysis, which
estimates years of life gained at birth if deaths from
a speciﬁc cause are eliminated from the current death
rates.
12 13 The most current abridged life table for the
USA (2009) was downloaded from WHO website.
14 The
PAFs computed for sedentary behaviour were used to
reduce the mortality rates in the life table for adults aged
40e79 years, and the life expectancy at birth was recal-
culated from the new mortality rates. The difference
between the current life expectancy and the cause-
deleted life expectancy represents the estimated gain
in life expectancy from reducing the prevalence of
sedentary behaviour.
Sensitivity analyses
A sensitivity analysis was used to estimate the effects of
simultaneously varying the estimates of RR (using the
upper and lower bounds of the 95% CI) and the prev-
alences of sitting and television viewing (620%).
Furthermore, given that we relied on age- and sex-
adjusted RR estimates for the computation of the PAFs,
we estimated the potential bias in using this approach by
computing PAFs after adjusting the RR estimates for
differences observed between multivariable-adjusted RRs
and age- and sex-adjusted RRs in the available studies.
RESULTS
The systematic literature search yielded a total of 460
abstracts for review. From these, 455 were excluded,
yielding ﬁve full articles, which were retrieved. The
reasons for abstract exclusion included non-human
studies (n¼4), reviews, commentaries or methods papers
(n¼51) and not studying either sitting or television
viewing as an exposure and all-cause mortality as
the outcome (n¼400). All retrieved articles met the
2 Katzmarzyk PT, Lee I-M. BMJ Open 2012;2:e000828. doi:10.1136/bmjopen-2012-000828
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Sedentary behaviour and life expectancyinclusion criteria and were included in the meta-analysis.
The characteristics and main results of the prospective
cohort studies included in the meta-analyses of sedentary
behaviour and mortality are presented in table 1.T w o
studies were included that investigated the association
between sitting and all-cause mortality.
15 16 The expo-
sure levels of sitting in the ﬁrst study were (1) none/¼ of
the time, (2) ½ of the time and (3)
3/4 of the time/all of
the time based on activities that participants did most
days of the week,
15 whereas the levels in the second study
were (1) <3 h, (2) 3e5 h and (3) $6 h of leisure-time
sitting.
16 Thus, three categories of exposure were used in
each cohort study, and the prevalence of sitting cate-
gories from the NHANES was obtained for three groups
(<3h ,3 e5.9 h and $6 h/day). However, given that the
exposure categories from the Canadian cohort study
were not quantiﬁable in terms of absolute hours per day,
some misclassiﬁcation may have occurred when
combining the results.
Three studies were included that studied the associa-
tion between television viewing and all-cause mortal-
ity.
17e19 The levels of television viewing in two of the
studies were (1) <2 h, (2) 2e3.9 h and (3) $4h ,
17 18
whereas the levels in one study were (1) <2.5 h, (2)
2.5e3.6 h and (3) >3.6 h.
19 The prevalence of television
viewing obtained from NHANES (<2h , 2 e3.9 h and
$4 h/day) match quite well with the exposure categories
from the cohort studies.
Figure 1 presents the results of the meta-analysis for
sitting and all-cause mortality. The pooled RRs were 1.18
(95% CI 1.14 to 1.21) and 1.45 (95% CI 1.39 to 1.51) for
levels 2 and 3 versus level 1, respectively. Figure 2 pres-
ents the results for the meta-analysis for television
viewing and all-cause mortality. The pooled RRs were
1.17 (95% CI 1.04 to 1.32) and 1.49 (95% CI 1.22 to
1.82) for levels 2 and 3 versus level 1, respectively.
The prevalences of sitting and television viewing in
cases (decedents) and in the source population at base-
line in the prospective studies are presented in table 2,
along with the average case:source prevalence ratio.
These ratios were applied to the population prevalences
obtained from the NHANES in order to estimate the
prevalences among cases in the population, which are
required for inclusion in the PAF calculations. Figure 3
presents the weighted population prevalences of sitting
and television viewing in the NHANES, along with the
Figure 1 Risk of all-cause mortality associated with sitting.
Level 3 corresponds to
3/4 /all of the time for Katzmarzyk et al
15
and $6 h for Patel et al.
16 Level 2 corresponds to ½ of the time
for Katzmarzyk et al
15 and 3e5 h for Patel et al.
16 Level 1
corresponds to none/¼ of the time for Katzmarzyk et al
15 and
<3 h for Patel et al.
16
Figure 2 Risk of all-cause mortality associated with television
viewing. Level 3 corresponds to $4 h for Dunstan et al
17 and
Stamatakis et al
18 and >3.6 h for Wijndaele et al.
19 Level 2
corresponds to 2e3.9 h for Dunstan et al
17 and Stamatakis
et al
18 and 2.5e3.6 h for Wijndaele et al.
19 Level 1 corresponds
to <2 h for Dunstan et al
17 and Stamatakis et al
18 and <2.4 h
for Wijndaele et al.
19
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Sedentary behaviour and life expectancyprevalences after adjustment for the average case:source
prevalence ratios from table 2.
The PAFs for all-cause mortality associated with
sitting and television viewing were 27% and 19%,
respectively. The results of the life table analyses indicate
a gain in life expectancy from reducing the prevalence
of sedentary behaviour from level 2 or 3 to level 1 results
in a gain of 2.00 years for reducing sitting prevalence
and a gain of 1.38 years from reducing television view-
ing prevalence. The lower and upper limits from the
sensitivity analyses were 1.39 and 2.69 years for sitting
and 0.48 and 2.51 years for television viewing,
respectively.
Data from two studies of television viewing
17 18 and
one study of sitting
15 were available, where both age- and
sex-adjusted as well as multivariable-adjusted RR esti-
mates for all-cause mortality were presented. For sitting,
the RR for level 2 versus level 1 was the same and the RR
for level 3 versus level 1 was 6% lower for the multivar-
iable compared with the age- and sex-adjusted RR. For
television viewing, the RR for level 2 versus level 1 was
9.6% lower, and for level 3 versus level 1, the RR was
16.4% lower for the multivariable compared with the
age- and sex-adjusted RR. After reducing the RR esti-
mates obtained from the meta-analysis by these
percentages, the estimates of attributable life expectancy
were 1.76 years for sitting and 0.93 years for television
viewing.
DISCUSSION
The results of this study indicate that limiting sitting to
<3 h/day and limiting television viewing to <2 h/day
may increase life expectancy at birth in the USA by
approximately 2.0 and 1.4 years, respectively, assuming
a causal relationship. The PAF provides a theoretical esti-
mate of the effects of a risk factor on an outcome at the
population level, in this case, all-cause mortality. The
results indicate that sedentary behaviours are accounting
for between 1.4 and 2.0 years of life expectancy at birth.
This should not be interpreted to mean that people who
are more sedentary can expect to live 1.4 or 2.0 years less
than someone who does not engage in these behaviours
as much. Life expectancy is a population statistic and it
does not apply to individuals. A recent meta-analysis of
television viewing and all-cause mortality estimated that
the RR of all-cause mortality was 1.13 (95% CI 1.07 to
1.18)/2 h of daily television viewing, which corre-
sponded with 104 deaths per 100000 people in the
USA.
4
This study has several strengths and limitations that
warrant discussion. The use of the well-accepted preva-
lence-based PAF methodology to estimate the public
health burden of sedentary behaviour is a marked
strength, which allows for comparability with the effects
of other established risk factors. However, the PAF
provides a theoretical estimate of the effects of a risk factor
on a health outcome, and further research is required
Table 2 Prevalences of sitting and TV viewing at baseline in the prospective cohort studies included in the meta-analysis
Study Prevalences
Sitting time
Katzmarzyk et al
15
(Canada Fitness Survey)
None/¼ time ½ Time
3/4 Time/all
Source prevalence (%)* 56.9 25.7 17.4
Case prevalence (%)y 45.1 29.6 25.3
Case:source ratio 0.79 1.15 1.45
Patel et al
16 (Cancer Prevention
Study II Nutrition Cohort)
<3h 3 e5h $6h
Source prevalence (%)* 46.2 43.1 10.7
Case prevalence (%)y 36.8 47.8 15.4
Case:source ratio 0.80 1.11 1.44
Average case:source ratioz 0.80 1.11 1.44
TV viewing
Dunstan et al
17 (Australian Diabetes,
Obesity and Lifestyle Study (AusDiab))
<2h 2 e3.9 h $4h
Source prevalence (%)* 56.5 35.9 7.6
Case prevalence (%)y 37.0 44.0 19.0
Case:source ratio 0.65 1.23 2.50
Stamatakis et al
18 (Scottish Health Survey) <2h 2 e3.9 h $4h
Source prevalence (%)* 17.1 54.1 28.8
Case prevalence (%)y 13.4 45.2 41.4
Case:source ratio 0.78 0.84 1.44
Wijndaele et al
19 (EPICdNorfolk Study) <2.5 h 2.5e3.6 h >3.6 h
Source prevalence (%)* 33.3 33.8 32.9
Case prevalence (%)y 22.9 32.6 44.5
Case:source ratio 0.69 0.96 1.35
Average case:source ratioz 0.69 1.03 1.75
*Prevalences of sitting or TV viewing in the source population at baseline.
yPrevalences of sitting or TV viewing in cases (decedents) at baseline.
zWeighted average case:source prevalence ratio from the prospective cohort studies.
TV, television.
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Sedentary behaviour and life expectancyusing an incidence-based approach. Our analysis
assumes that there is a causal relationship between
sedentary behaviour and mortality. While studies using
randomised designs are not possible, further observa-
tional studies, which control for confounding, will add to
the evidence for causation. Another major strength of
this study is the use of representative population data
from the NHANES to quantify the exposure of the
population to sedentary behaviours. However, our anal-
ysis estimated the overall gains in life expectancy at the
population level and assumes that the effects of seden-
tary time on all-cause mortality are consistent across age
and demographic subgroups of the population. Each of
the cohort studies provided multivariable-adjusted RR
estimates for sedentary behaviour and mortality using
different combinations of covariates, and we chose to use
summary RR estimates based on RR adjusted for age and
sex in order to maintain consistency across studies. The
degree to which this approach has yielded an over-
estimation of the independent effect of sedentary
behaviour on life expectancy is not known, as important
confounders associated with both sedentary behaviour
and premature mortality may have been unmeasured or
inadequately adjusted for in the primary studies, and we
have not made further adjustments for confounding in
our analyses. We conducted a sensitivity analysis by
reducing the RR from the meta-analysis by the amount
observed between age- and sex-adjusted versus multi-
variable RR estimates from three studies,
15 17 18 and the
estimates of attributable life expectancy were reduced to
1.76 years for sitting and to 0.93 years for television
viewing.
This study relied on self-reported engagement in
sedentary behaviours, which introduces the possibility
for error and recall bias. Future cohort studies should
attempt to better quantify sedentary behaviour using
objective activity monitors; however, the self-reported
estimates of sitting reported in the NHANES are similar
to those obtained for the USA in a study of 20 countries,
5
which indicates some face validity to the results. For
television viewing, the categories of exposure reported in
two of the cohort studies (<2, 2e3.9 and $4 h) matched
the categories reported in the NHANES; however,
Wijndaele et al
19 used a lower threshold for the upper
category (>3.6 h), which may have resulted in an
underestimate of the effects of television viewing on life
expectancy. The studies on sitting used different expo-
sure categories (ie, total sitting time versus leisure-time
sitting only), so assumptions had to be made when esti-
mating the exposure levels in the NHANES. Inaccuracies
associated with the assessment of sedentary behaviour
using self-report methods in the cohort studies would
have led to regression dilution bias and resulted in
underestimates of the association with all-cause
mortality.
The results of several recent studies have suggested
that the effects of sedentary behaviour on health may be
independent of the effects of physical activity per se.
2 20
It has been estimated that a lack of leisure-time physical
activity accounts for approximately 0.9 years of life
expectancy at birth in Canada.
21 Given that the studies
used to derive the summary RR estimates for the current
study in many cases included leisure-time physical
activity as a covariate in multivariable-adjusted models,
and this did not appreciably change the estimates of RR
for sedentary behaviour, the estimates of the effects on
life expectancy may also be considered independent.
Current life expectancy in the USA (2009) is
78.5 years.
14 The effects of sedentary behaviour on life
expectancy reported in this study are on a similar order
of magnitude as other chronic disease risk factors. For
example, it has been estimated that obesity accounts for
between 0.30 and 1.08 years of population life expec-
tancy at birth in the USA, depending on gender,
ethnicity and severity of obesity.
22 A more recent study
has estimated that the current distribution of body mass
index, compared with an optimal distribution (a mean
of 21 kg/m
2), accounts for 1.3 years of current life
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Figure 3 Prevalences of (A) sitting and (B) television viewing
in the US National Health and Nutrition Examination Survey
(NHANES). *Adjusted prevalences of sitting and television
viewing using the weighted average case:source prevalence
ratio obtained from cohort studies of sedentary behaviour and
all-cause mortality.
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Sedentary behaviour and life expectancyexpectancy at birth in both men and women in the
USA.
23 Results from the same study indicate that
smoking is also associated with 2.5 and 1.8 years of life
expectancy at birth in men and women, respectively.
23
Sitting time is a global measure of sedentary behav-
iour, whereas television viewing is somewhat more
speciﬁc. A recent review found that domain-speciﬁc
behaviours such as television viewing are recalled with
more reliability than global measures of sitting and
sedentary behaviour.
24 The degree to which differences
in reliability between the measures used in this study may
have affected the estimates is not known. There is some
evidence to suggest that using a single global question to
measure sitting produces lower estimates than more
detailed domain-speciﬁc questions.
24 25 Thus, it is likely
that the prevalences of higher levels of sitting reported
in this study from the NHANES are likely conservative.
Using objective monitoring (accelerometry) in the
2003e2004 NHANES, Matthews et al
26 reported that US
adults spend approximately 7.7 h/day engaged in
sedentary behaviour. There are several potential mech-
anisms that could explain the association between
sedentary behaviour and all-cause mortality rates.
Sedentary behaviour is associated with an increased risk
of the development of chronic conditions such type 2
diabetes and cardiovascular disease.
6 Furthermore,
human and animal studies indicate that sedentary
behaviour is associated with elevated cardiometabolic
biomarkers and a poor risk factor proﬁle.
27 28 For
example, hindlimb suspension (unloading) in rats
results in marked immediate decreases in lipoprotein
lipase activity, triglyceride uptake into red skeletal
muscle and reductions in the concentration of high-
density lipoprotein cholesterol.
29 Future intervention
research is required to determine the causal pathways
between sedentary behaviour and health outcomes that
have the potential to impact mortality rates.
In conclusion, the results of this study indicate
that extended sitting time and television viewing may
have the potential to reduce life expectancy in the USA.
Given that the results from objective monitoring of
sedentary time in the NHANES has indicated that adults
spend an average of 55% of their day engaged in
sedentary pursuits,
26 a signiﬁcant shift in behaviour
change at the population level is required to make
demonstrable improvements in life expectancy. Further
research using intervention designs is required to
determine the effects of reducing sedentary behaviour
on health outcomes and to make recommendations
regarding the safe levels of sedentary behaviour for the
population.
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